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IMAGE CAPTURING APPARATUS, IMAGE
CAPTURING METHOD, AND COMPUTER
READABLE MEDIA

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims priority from a Japanese

Patent Application No. 2007-144209 filed on May 30, 2007
and a Japanese Patent Application No. 2008-138599 filed on
May 27, 2008, the contents of which are incorporated herein
by reference.

BACKGROUND

1. Technical Field

The present invention relates to an 1image capturing appa-
ratus, an 1mage capturing method, and a program. In particu-
lar, the present invention relates to an 1image capturing appa-
ratus, an 1mage capturing method, and to a program for the
image capturing apparatus.

2. Description of the Related Art

An optical mask for rendering the optical transfer function
to be substantially constant within a certain range from a
focus position 1s known, for example as disclosed in U.S. Pat.
No. 5,748,371, and U.S. Patent Application Publication No.
2002/0118457.

By using the optical mask disclosed 1n U.S. Pat. No. 3,748,
371, and U.S. Patent Application Publication No. 2002/
0118457/, the optical transter function can be rendered to be
substantially constant within a certain range from a focus
position. However, even in that range, the optical transier
function will experience a subtle change as the distance
changes. In addition, it 1s difficult to render a substantially
constant optical transfer function for a nearby subject such as
captured 1in a macro mode, or a distanced subject such as a
background 1n 1mage capturing of landscapes. If such a sub-
ject undergoes the same reproduction processing, adequate
reproduction of the resulting subject image cannot be pos-
sible 1n many cases.

SUMMARY

According to a first aspect of the innovations herein, pro-
vided 1s an 1mage capturing apparatus for capturing an image
ol a subject, including: an optical system that causes a light
receiving section of the image capturing apparatus to receive,
in substantially the same spread, light from respective posi-
tions lying within a predetermined range of positional rela-
tion with respect to the image capturing apparatus, and has
different optical transfer functions for light from different
positions lying within the predetermined range of positional
relation with respect to the 1mage capturing apparatus; a
process parameter storage that stores each process parameter
for correcting the etffect of an optical transier function exerted
on a captured image, 1n association with a condition related to
a positional relation between a subject and the optical system,
where the condition 1s to be satisfied in performing correction
using the process parameter; a positional information obtain-
ing section that obtains positional information indicating a
positional relation between a subject and the optical system;
and a process parameter selecting section that selects a pro-
cess parameter that 1s stored in the process parameter storage
in association with a condition that the positional relation
indicated by the positional information obtained by the posi-
tional information obtaining section satisfies.
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2

It1s possible to arrange so that the optical system causes the
light receiving section to receive, 1n substantially the same
spread, light from respective positions lying within a prede-
termined range of distance from the optical system, and has
different optical transfer functions for light from different
positions lying within the predetermined range of distance
from the optical system, the process parameter storage stores
cach process parameter for correcting the effect of the optical
transier function exerted on the captured image, 1n associa-
tion with a condition related to the distance from the optical
system, where the condition 1s to be satisfied 1n performing
correction using the process parameter, the positional infor-
mation obtaining section obtains distance information ndi-
cating a distance between a subject and the optical system,
and the process parameter selecting section selects a process
parameter that 1s stored in the process parameter storage in
association with a condition that the distance indicated by the
distance mformation obtained by the positional information

obtaining section satisfies.

The 1image capturing apparatus may further include an
image processing section that corrects the effect of the optical
transier function exerted on the captured image, by using the
process parameter selected by the process parameter select-
ing section. The optical system may cause the light receiving
section to receive, 1n substantially the same spread, light from
respective positions lying within a predetermined range of
distance from the optical system, by means of transverse
aberration.

It 15 also possible to arrange so that the positional informa-
tion obtaining section obtains an operational mode for deal-
ing with a captured 1mage resulting from capturing an image
of a subject 1n a close-range mode or an operational mode for
dealing with a captured 1mage resulting from capturing an
image ol a subject 1n a long-range mode, as the positional
information, the process parameter storage stores each pro-
cess parameter for correcting the effect of the optical transfer
function exerted on the captured image, 1n association with a
condition related to an operational mode of the 1image captur-
ing apparatus in dealing with a captured 1image to be corrected
using the process parameter, and the process parameter
selecting section selects a process parameter stored in the
process parameter storage 1in association with a condition that
the operational mode obtained by the positional information
obtaining section satisiies.

According to a second aspect of the imnovations herein,
provided 1s a method for capturing an 1image using an optical
system that causes a light recerving section of an 1image cap-
turing apparatus to recerve, i substantially the same spread,
light from respective positions lying within a predetermined
range of positional relation with respect to the image captur-
ing apparatus, and has different optical transter functions for
light from different positions lying within the predetermined
range of positional relation with respect to the image captur-
ing apparatus, the image capturing apparatus capturing an
image ol a subject, the 1mage capturing method including:
storing each process parameter for correcting the effect of an
optical transier function exerted on the captured image, 1n
association with a condition related to a positional relation
between a subject and the optical system, where the condition
1s to be satisfied 1n performing correction using the process
parameter; obtaining positional information indicating a
positional relation between a subject and the optical system:;
and selecting a process parameter that 1s stored 1n the process
parameter storing in association with a condition that the
positional relation indicated by the positional information
obtained in the positional information obtaiming satisfies.
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According to a third aspect of the innovations herein, pro-
vided 1s a computer readable media including a program for

an 1mage capturing apparatus for capturing an image of a
subject, the 1mage capturing apparatus including an optical
system that causes a light recerving section of the image
capturing apparatus to recerve, 1 substantially the same
spread, light from respective positions lying within a prede-
termined range of positional relation with respect to the
image capturing apparatus, and has different optical transter
functions for light from different positions lying within the
predetermined range of positional relation with respect to the
image capturing apparatus, the computer readable media
causing, by means of execution of the program, a computer to
function as: a process parameter storage that stores each
process parameter for correcting the effect of an optical trans-
fer function exerted on a captured 1mage, 1n association with
a condition related to a positional relation between a subject
and the optical system, where the condition 1s to be satisfied
in performing correction using the process parameter; a posi-
tional information obtaining section that obtains positional
information indicating a positional relation between a subject
and the optical system; and a process parameter selecting
section that selects a process parameter that 1s stored in the
process parameter storage in association with a condition that
the positional relation indicated by the positional information
obtained by the positional information obtaining section sat-
isiies.

The summary of the mvention does not necessarily
describe all necessary features of the present invention. The
present invention may also be a sub-combination of the fea-
tures described above.

According to the innovations herein, adequately reproduc-
tion of a subject image becomes possible.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an exemplary configuration of an image
capturing apparatus 100.

FIG. 2 schematically shows an exemplary optical charac-
teristic of an optical system 110.

FIG. 3 shows an exemplary configuration of the optical
system 110.

FIG. 4 shows a transverse aberration characteristic of the
optical system 110.

FIG. 5 shows an MTF characteristic of the optical system
110.

FIG. 6 shows an exemplary spot diagram according to the
optical system 110.

FIG. 7 shows an example of a response of the optical
system and of an array of light receiving elements.

FI1G. 8 shows exemplary data stored 1n a process parameter
storage 185.

FI1G. 9 shows an example of a plurality of image regions in
a captured 1mage.

FIG. 10 shows an exemplary block configuration of an
optical characteristic specifying section 160.

FIG. 11 shows an exemplary reproduction processing flow
performed by the image capturing apparatus 100.

FIG. 12 shows an example of an optical transier function
and a space Irequency characteristic of an 1image.

FI1G. 13 shows exemplary data stored 1n an optical charac-
teristic storage 165.

FI1G. 14 shows an exemplary positional relation among the
optical system 110, a light receiving section 120, and a sub-
ject 1n tilt-shift photography.

FIG. 15 shows filters assigned to a plurality of image
regions 1n a captured image 1400.
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4

FIG. 16 shows an exemplary hardware configuration of the
image capturing apparatus 100.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The invention will now be described based on the preferred
embodiments, which do not intend to limit the scope of the
present mvention, but exemplify the invention. All of the
features and the combinations thereol described in the
embodiment are not necessarily essential to the invention.

FIG. 1 shows an exemplary configuration of an image
capturing apparatus 100. The image capturing apparatus 100
includes an 1mage capturing section 105, an image processing
section 140, a display 150, an image recording section 155, an
optical characteristic specifying section 160, an optical char-
acteristic storage 165, a frequency characteristic calculating
section 170, an optical characteristic storage 163, a process
parameter selection section 180, a positional information
obtaining section 190, a distance measuring section 192, a
captured 1image analysis section 194, and a subject region
specilying section 196.

The 1image capturing section 105 includes an optical sys-
tem 110 for forming an image of light, a light receiving
section 120 for recerving the light resulting from 1image form-
ing of the optical system 110, and an 1mage generating section
130 that generates a captured 1image based on the quantity of
light from the optical system 110, which has been recetved by
the light receiving section 120. The frequency characteristic
calculating section 170 includes a frequency component dii-
terence calculating section 172, a sum calculating section
174, and an optical transier function selecting section 176.
The 1mage capturing apparatus 100 captures an image of a

subject, thereby generating a captured image.

The 1image capturing section 105 captures an 1image of a
subject via the optical system 110. Specifically, the light
receiving section 120 includes a plurality of light recerving
clements arranged two-dimensionally. The image generating
section 130 generates a captured 1image of a subject by A/D
converting the quantities of light respectively recerved by the
plurality of light receiving elements. The image processing,
section 140 corrects the captured image generated by the
image generating section 130 based on the quantity of
received light after A/D conversion, the position of each light
receiving element, and the optical transfer function of the
optical system 110, thereby generating a reproduced 1mage.
The display 150 displays either the captured image or the
reproduced image generated by the image processing section
140. Note that the display 150 may be a display for showing
an 1mage to a user.

The optical system 110 has a different optical transfer
function depending on the distance up to each subject. The
optical characteristic of the optical system 110 1s detailed
later. Since the defocus hardly affects the optical transfer
function of the optical system 110, the image processing
section 140 employs, for reproduction processing of the cap-
tured 1mage, the most suitable one of several representative
optical transier functions of the optical system 110 depending
on the distance up to a particular subject.

The optical system 110 causes the light receiving section
120 of the image capturing apparatus 100 to receive, 1n sub-
stantially the same spread, light from respective positions
lying within a predetermined range of positional relation with
respect to the 1image capturing apparatus 100. The optical
system 110 has different optical transier functions for light
from different positions within a predetermined range of
positional relation with respect to the image capturing appa-
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ratus 100. The process parameter storage 185 stores each
process parameter for correcting the efiect of the optical
transier function exerted on the captured image, 1n associa-
tion with a condition related to the positional relation between
the subject and the optical system 110, where the condition 1s
to be satisfied in performing correction using the process
parameter. The positional information obtaining section 190
obtains positional information indicating a positional relation
between the subject and the optical system 110. The process
parameter selecting section 180 selects a process parameter
that 1s stored 1n the process parameter storage 185 1n associa-
tion with a condition that the positional relation indicated by
the positional information obtained by the positional infor-
mation obtaining section 190 satisfies.

Note that the positional relation may be a distance between
the optical system 110 and a subject. That 1s, the optical
system 110 causes the light recerving section 120 to receive,
in substantially the same spread, light from respective posi-
tions lying within a predetermined range of distance from the
optical system 110. The optical system 110 has different
optical transier functions for light from different positions
within a predetermined range of distance from the optical
system 110. The process parameter storage 185 stores each
process parameter for correcting the efiect of the optical
transier function exerted on the captured image, 1n associa-
tion with a condition related to the distance from the optical
system 110, where the condition 1s to be satisfied 1n perform-
ing correction using the process parameter. The positional
information obtaining section 190 obtains distance informa-
tion 1indicating a distance between the subject and the optical
system 110. The process parameter selecting section 180
selects a process parameter that 1s stored in the process
parameter storage 183 1n association with a condition that the
distance indicated by the distance information obtained by
the positional information obtaining section 190 satisfies.

Besides the distance between the optical system 110 and
the subject, the positional relation may further include a dis-
tance between the optical axis and the subject in a plane
vertical to the optical axis. That 1s, the optical system 110 has
different optical transier functions for light from positions
lying within a predetermined range of distance from the opti-
cal system 110 and having different distances from the optical
system 110 1n the optical axis direction and different dis-
tances from the optical axis. Note that the distance from the
optical axis may mean a length of a vertical line drawn from
the position of the subject towards the extension of the optical
axis. The process parameter storage 183 stores each process
parameter for correcting the effect of the optical transier
function exerted on each of image regions within a captured
image, 1n association with a condition related to the distance
of the subject captured 1n the image region 1n the optical axis
direction, and with a condition related to the distance of the
image region from an optical axis point that 1s a point of the
captured 1image belonging to the optical axis, where the dis-
tance of the 1image region from the optical axis point corre-
sponds to the distance of the subject captured in the 1image
region from the optical axis and the conditions are to be
satisfied 1n performing correction using the process param-
cter. The positional information obtaining section 190
obtains, for each 1mage region, a distance between a captured
subject and the optical system 110 as well as a distance from
the optical axis point, as positional information. The process
parameter selecting section 180, for each image region,
selects a process parameter that 1s stored in the process
parameter storage 185 in association with conditions that the
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6

distance from the optical system 110 and the distance from
the optical axis point obtained by the positional information
obtaining section 190 satisiy.

Besides the distance between the optical system 110 and
the subject, or the distance between the optical axis and the
subject 1n a plane vertical to the optical axis, the positional
relation may still further include an angle around an 1ntersec-
tion between the vertical plane and the optical axis. That 1s,
the optical system 110 has different optical transter functions
for light from different positions lying within a predeter-
mined range of distance from the optical system 110 and
having different distances from the optical system 110 in the
optical axis direction, different distances from the optical
axis, and different angles around the intersection between the
optical axis and the subject plane. The process parameter
storage 185 stores each process parameter for correcting the
cifect of the optical transfer function exerted on each of image
regions within a captured 1image, 1n association with a condi-
tion related to the distance of the subject captured in the image
region in the optical axis direction, with a condition related to
the distance of the 1image region from the optical axis point,
and with a condition related to an angle indicating a position
of the image region around the optical axis point, where the
angle represents an angle indicating the subject captured 1n
the 1image region around the intersection and the conditions
are to be satisfied 1n performing correction using the process
parameter. The positional information obtaining section 190
obtains, for each 1image region, a distance between a captured
subject and the optical system 110, a distance from the optical
axis point, and the angle around the optical axis point, as
positional information. The process parameter selecting sec-
tion 180, for each image region, selects a process parameter
that 1s stored 1n the process parameter storage 185 1n associa-
tion with conditions that the distance from the optical system
110, the distance from the optical axis point, and the angle
around the optical axis point obtained by the positional infor-
mation obtaining section 190 satisty.

In this way, the optical system 110 has different optical
transfer functions for light from different positions lying
within a predetermined range of distance from the optical
system 110 and having different distances from the optical
system 110 1n the optical axis direction of the optical system
110 and different positional relations 1n relation to the optical
axis of the optical system 110. The process parameter storage
185 stores each process parameter for correcting the effect of
the optical transfer function exerted on each of the image
regions within a captured 1image, 1 association with a condi-
tion related to the distance of the subject captured in the image
region 1n the optical axis direction and with a condition
related to the position of the image region in the captured
image that indicates the positional relation 1n relation to the
optical axis of the optical system 110, where the conditions
are to be satisfied 1n performing correction using the process
parameter. The positional information obtaining section 190
obtains, for each 1image region, a distance between a captured
subject and the optical system 110 and a position of the image
region 1n the captured 1image, as positional information. The
process parameter selecting section 180, for each image
region, selects a process parameter that 1s stored 1n the process
parameter storage 185 in association with conditions that the
distance from the optical system 110 and the position of the
image region obtained by the positional information obtain-
ing section 190 satisfy. Then the image processing section
140, for each of the mage regions, corrects the effect of the
optical transtier function exerted on the image region, by using
the process parameter selected by the process parameter
selecting section 180.
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Note that the optical system 110 may cause the light recerv-
ing section 120 to receive, 1 substantially the same spread,
light from respective positions lying within a predetermined
range ol distance from the optical system 110, by means of
transverse aberration. The image processing section 140 cor-
rects the effect of the optical transfer function exerted on the
captured 1image, by using the process parameter selected by
the process parameter selecting section 180.

The positional information obtaining section 190 obtains a
distance up to a subject, which has been measured by the
distance measuring section 192. The distance measuring sec-
tion 192 may be a laser distance-measuring sensor that
obtains a distance up to a subject by means of a laser. The
process parameter storage 185 stores each process parameter
for correcting the effect of the optical transfer function
exerted on the captured image, 1n association with a condition
related to a distance up to a subject, where the condition 1s to
be satisfied in performing correction using the process param-
cter. The process parameter selecting section 180 selects a
process parameter that 1s stored in the process parameter
storage 185 1n association with a condition that the distance
measured by the distance measuring section 192 satisfies.

The distance measuring section 192 may measure dis-
tances ol subjects captured respectively mn a plurality of
image regions. The positional information obtaining section
190, for each of the image regions, may obtain the distance
measured by the distance measuring section 192 as well as the
position of the image region 1n the captured 1image, as posi-
tional information. The process parameter selecting section
180, for each 1image region, may select a process parameter
that 1s stored 1n the process parameter storage 185 1n associa-
tion with conditions that the distance up to the optical system
110 as well as the distance up to the position of the image
region from the optical axis point obtained by the position
information obtaining section 190 satisty.

The captured image analysis section 194 analyzes the
image contents of a captured image. The positional informa-
tion obtaining section 190 obtains the analysis result of the
captured 1mage analysis section 194. The process parameter
storage 185 stores each process parameter for correcting the
elfect of an optical transfer function exerted on a captured
image, 1 association with a condition related to the image
contents of a captured 1mage to be satisfied 1n performing
correction using the process parameter. The process param-
cter selecting section 180 selects a process parameter that 1s
stored 1n the process parameter storage 185 1n association
with a condition that the analysis result obtained by the posi-
tional information obtaining section 190 satisfies.

In the above manner, the 1image capturing apparatus 100
has been described based on the 1image contents. Please note
that the optical transfer function can be directly specified
based on the 1image contents of the captured image. Specifi-
cally, the optical characteristic storage 165 stores the space
frequency characteristic of each of a plurality of optical trans-
ter functions of the optical system 110. The frequency char-
acteristic calculating section 170 calculates the space ire-
quency characteristic of the captured image. As the optical
transier function of the optical system 110, the optical char-
acteristic specilying section 160 specifies, from among the
plurality of optical transier functions, an optical transier func-
tion, the space frequency characteristic of which matches the
space frequency characteristic calculated by the frequency
characteristic calculating section 170.

The frequency characteristic calculating section 170 cal-
culates the space frequency characteristic for each partial
region of a captured 1image. For each of these partial regions,
the optical characteristic specitying section 160 specifies an

5

10

15

20

25

30

35

40

45

50

55

60

65

8

optical transfer function, the space frequency characteristic of
which matches the space frequency characteristic calculated
by the frequency characteristic calculating section 170 for
cach partial region. The 1mage processing section 140 pro-
vides 1mage processing for correcting the optical transier
function specified for each partial region by the optical char-
acteristic speciiying section 160, for each partial region of the
captured 1image.

More specifically, the subject region specilying section
196 specifies a plurality of subject regions in a captured
image. The frequency characteristic calculating section 170
calculates the space frequency characteristic for each subject
region. For each of these subject regions, the optical charac-
teristic specilying section 160 specifies an optical transier
function, the space frequency characteristic of which matches
the space Irequency characteristic calculated by the fre-
quency characteristic calculating section 170 for each subject
region. The 1image processing section 140 provides image
processing for correcting the optical transfer function speci-
fied for each subject region by the optical characteristic speci-
tying section 160, for each subject region of the captured
image.

In association with the distance from the optical system
110 and subjects, the optical characteristic storage 163 stores
a plurality of optical transfer functions of the subjects located
within the distance. The image recording section 155 may
record the captured image added with distance information
that indicates a distance stored 1n the optical characteristic
storage 165 1n association with the optical transfer function
specified by the optical characteristic specifying section 160.

FIG. 2 schematically shows an exemplary optical charac-
teristic ol an optical system 110. The optical system 110
forms an 1mage of the light 210 incident from the height hl, at
the position Z2 that is nearer to the optical system 110 than the
light recerving section 120 1s 1n the optical axis direction, the
light 210 1s recerved at the position lower by Ayl from the
optical axis in the light recerving section 120. In this way, the
transverse aberration of the light 210 in the optical system 11
will be a negative value. The optical system 110 forms an
image of the light incident from the height h2 that 1s higher
than hl1, at the position Z220 that i1s further nearer to the
optical system 110 than the position Z210 1s 1n the optical axis
direction, and the light receiving section 120 recerves the light
220 at the position lower by Ay2 from the optical axis, where
Avy2 1s greater than Ayl.

The optical system 110 receives light incident from the
height h3 that 1s further higher than h2, at the position higher
by Ay3 from the light axis 1n the light receiving section 120.
In other words, by using the optical system 110, as the 1nci-
dent height from the optical axis gets larger, the transverse
aberration gets smaller, and at certain height the transverse
aberration reaches a maximum value. After the incident
height exceeds the maximum value, the transverse aberration
increases, and at a certain height the transverse aberration
becomes 0. As the incident height gets further larger, the
transverse aberration exceeds 0.

Note that the light receiving surface of the light receiving
section 120 1s substantially planar and 1s composed of a
plurality of light receving elements. The light recetving sur-
face of the light receiving section 120 1s provided substan-
tially vertical to the optical axis of the optical system 110.
Note that the light recerving element may be a CCD 1mage
capturing device, or a MOS 1mage capturing device.

As described, the optical characteristic of the optical sys-
tem 110 has been qualitatively described with reference to
FIG. 2. Note that the schematic diagram of the optical system
110 as well as the light recerving section 120 of FIG. 2 1s
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drafted for the purpose of facilitating understanding of the
optical characteristic of the optical system 110, and so 1s not
in full scale.

FIG. 3 shows an exemplary configuration of the optical
system 110. The optical system 110 includes a plurality of
optical elements 310, 320, 330, 350, 360, and 370, and a
diaphragm 340. The light recerving surface of the light receiv-
ing section 120 1s represented by the image surface 380 in the
present drawing. Note that three rays of principle light 300,
301, and 302 are drawn to overlap the optical system 110 1n
the present drawing. FIGS. 4, 5, and 6 show the optical
characteristic of the optical system 110 with respect to the

light of the wavelength of 0.58°76 nm represented by the rays
of principle light 300, 301, and 302. The following describes

the optical data of the optical elements 310, 320, 330, 350,
360, and 370.

The optical element 310 has a refractive index of
1.66445663 and a thickness o1 1.997163 mm. The curvature
and the diameter of the optical element 310 at the side of the
subject are respectively 15.20834 mm and 13.47915 mm. The
curvature and the diameter of the optical element 310 at the
side of the image surface 380 are respectively 8.153898 mm
and 10.99605 mm. Note that the thickness in the description
of the present drawing indicates the length of the optical
clement 1n the optical axis direction.

The optical element 320 1s distant from the optical element
310 by 5.193977 mm towards the image surface 380 1n the
optical axis direction. Here, the distance 1s between the sur-
face of the optical element 310 facing the 1mage surface 380
and the surface of the optical element 320 facing the subject,
which applies to any corresponding distance 1n the following
description. The optical element 320 has a refractive index of
1.92285059 and a thickness of 8.880505 mm. The curvature
and the diameter of the optical element 320 at the side of the
subject are respectively 38.38834 mm and 9.300722 mm. The
curvature and the diameter of the optical element 320 at the
side of the image surface 380 are respectively —28.17275 mm
and 6.105449 mm.

The optical element 330 1s 1n contact with the optical
clement 320. The optical element 330 has arefractive index of
1.46449858 and a thickness of 1.99997 mm. The curvature
and the diameter of the optical element 330 at the side of the
image surface 380 are respectively 10.8814 mm and 4.69059
mm. The diaphragm 340 1s distant from the optical element
330 by the distance of 1.245339 mm towards the 1mage sur-
face 380 1n the optical axis direction, and the diameter of the
diaphragm 340 15 4.432406 mm.

The optical element 350 1s distant from the diaphragm 340
by the distance of 4.864987 mm towards the image surface
380 1n the optical axis direction. The optical element 350 has
a refractive index of 2.02203350 and a thickness of 10.00014
mm. The curvature and the diameter of the optical element
350 at the side of the subject are respectively —443.0356 mm
and 8.913335 mm. The curvature and the diameter of the
optical element 350 at the side of the 1image surface 380 are
respectively —17.46664 mm and 13.00595 mm.

The optical element 360 1s 1n contact with the optical
clement 350. The optical element 360 has a refractive index of
1.50012841 and a thickness of 10.13764 mm. The curvature
and the diameter of the optical element 360 at the side of the
image surface 380 are respectively -23.90391 mm and
16.52799 mm.

The optical element 370 1s distant from the optical element
360 by 5.136917 mm towards the image surface 380 1n the
optical axis direction. The optical element 370 has arefractive
index of 2.02203350 and a thickness of 9.916248 mm. The
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side of the subject are respectively 15.68482 mm and
18.15194 mm. The curvature and the diameter of the optical
clement 370 at the side of the 1image surface 380 are respec-
tively 25.22519 mm and 13.3873 mm. The 1image surface 380
1s distant from the optical element 370 by the distance of
7.73001 mm.

FIG. 4 shows a transverse aberration characteristic of the
optical system 110. As shown 1n FIG. 4, the optical system
110 has substantially the same transverse aberration charac-
teristic 1n the X direction and the Y direction throughout a
plurality of image heights. Such a transverse aberration char-
acteristic 1s obtained by a design for rendering substantially
the same transverse aberration characteristic. In this design a
transverse aberration characteristic 1s given by a cubic func-
tion. Specifically, a function for representing a transverse
aberration characteristic is Ay=ax’—ab*x where each of the
coellicients “a” and “b” 1s a constant, and the target values of
the coellicients “a” and “b” for achieving convergence are
respectively set as 5x10™* and 10.

In this design, as described later, the target value of the x
coordinate yielding an extreme value of the transverse aber-
ration 1s determined by the coellicient “b”, and the target
value of the extreme value 1s determined by the coetficient
“a”. Note that the size of the extreme value may be designated
by the coefficient b, according to the intervals between the
light receiving elements of the light recerving section 120 so
as to yield a size of transverse aberration in the image surface
380 at least larger than the intervals between the light receiv-
ing elements of the lightrecetving section 120. The transverse
aberration characteristic with respect to the light of each
image height 1s calculated by changing the parameter of each
optical element of the optical system 110. The parameter of
cach optical element 1s changed up to when the error between
the calculated transverse aberration characteristic and the
predetermined transverse aberration characteristic becomes
smaller than the predetermined value. Note that the function
for representing the transverse aberration characteristic 1s not
limited to the cubic function, as long as 1t 1s symmetrical with
respect to an origin and has an extreme value, e.g. sine func-
tion.

As shown 1n FIG. 2, the transverse aberration for the opti-
cal system 110 1s 0 when x=0. Looking at the change 1n
transverse aberration when the X coordinate 1s changed
towards the positive direction, the transverse aberration
increases until reaching an extreme value. The transverse
aberration curve 1s substantially symmetrical with respect to
the origin. In this way, the relation between the incident
position and the transverse aberration with respect to the light
incident to the icident position 1s such that the transverse
aberration gets larger as the distance from the optical axis to
the incident position gets longer within the range between the
first incident position distanced from the optical axis by the
first distance and the optical axis, and that the relation 1s
substantially symmetrical with respect to the optical axis,
where the incident position indicates a position of the optical
system 110 on the incident pupil. In addition, the relation
between the 1ncident position and the transverse aberration 1s
continuous in relation to the distance from the optical axis to
the incident position.

Further as shown in FIG. 2, when the x coordinate becomes
larger than the value yielding the extreme transverse aberra-
tion, the transverse aberration starts to decrease. As the x
coordinate gets further larger, the transverse aberration will
reach 0 and thereafter starts to increase. In this way, the
derivative value of the transverse aberration 1n relation to the
incident position at the first incident position from the optical
axis 1s smaller than the derivative value of the transverse
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aberration in relation to the incident position 1n the vicinity of
the optical axis. To be more specific, the derivative value of
the transverse aberration 1n relation to the incident position at
the first incident position 1s 0. Moreover, the transverse aber-
ration gets smaller as the distance from the optical axis to the
incident position gets longer within the range between the
first incident position and the second incident position that 1s
distant from the optical axis by the second distance that 1s
longer than the first distance.

The transverse aberration for the light incident to the sec-
ond incident position 1s 0. Further, the transverse aberration
gets larger as the distance from the optical axis to the incident
position gets longer within the range between the second
incident position and the third incident position that 1s distant
from the optical axis by the third distance that 1s longer than
the second distance. As explained 1n the above design, the
transverse aberration of the optical system 110 1s represented
by a cubic function of a distance from the optical axis to the
incident position. The transverse aberration of the optical
system 110 may also be represented by a sine function of a
distance from the optical axis to the incident position.

FIG. 5 shows an MTF characteristic of the optical system
110. The present MTF diagram has a horizontal axis that
represents a defocus quantity from the image surface 380
towards the optical axis direction, and a vertical axis that
represents an MTF value. FIG. 6 shows an exemplary spot
diagram according to the optical system 110.

Referring to FIG. 3, the optical system 110 has substan-
tially the same distribution of MTF value for a plurality of
image heights, a sagittal ray, and a mernidional ray. It 1s also
understood that the optical system 110 has the MTF value of
equal to or above a predetermined value, e.g. 0.2, within a
wide range of defocus quantity. FIG. 6 shows spot diagrams
of the optical system 110 where the horizontal direction rep-
resents the defocus quantity and the vertical direction repre-
sents the image height. It 1s understood also from FIG. 6 that
the spot diagram has substantially the same spread within the
predetermined range of defocus quantity and image height. In
this way, the optical system 110 causes the light receiving
section 120 to receive light from the subject positioned within
the predetermined range of distance from the optical system
110, at substantially the same spread due to the transverse
aberration. As described above since the spread of light of the
optical system 110 1s substantially the same throughout the
predetermined range of defocus quantity and image height,
the 1mage processing section 140 1s able to perform repro-
duction processing to the image obtained from the light
received by the light receiving section 120 through the optical
system 110, by using substantially the same 1nverse filter.

Although the spread of light of the optical system 110 1s
substantially the same as mentioned above, the spot diagrams
in FI1G. 6 are slightly different from each other depending on
the defocus. Specifically, the spot diagram has a core therein
for a positive defocus, whereas has an annular form or a
ring-like form for a negative defocus. Although the spot dia-
grams 1n FI1G. 6 are obtained at several defocus locations, the
change 1n spot diagram depending on the distance up to the
subject has the similar tendency. For example, for light from

a subject 1n the vicimty of the optical system 110, the light
bundle will widen out due to the effect of the transverse
aberration for the light passing through the periphery of the
optical system 110 and the result of the subject positioned 1n
the vicinity of the optical system 110, and so the spot diagram
will have an annular form. On the other hand, since the optical
system 110 has a small transverse aberration at the center, the
optical system 110 will focus narrow the light close to the
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paraxial light from a distanced subject, and so the resulting
spot diagram will have a core therein.

FIG. 7 shows an example of a response of the optical
system 110 responding to a point light source, and an array of
light recerving elements included 1n the light recerving sec-
tion 120. As described above, the optical system 110 has
substantially the same spread with respect to a plurality of
image heights. Accordingly, 11 the light receiving section 120
positions within a predetermined range of defocus quantity,
the half bandwidths 60, 61, and 02 of the response of the
optical system 110 responding to the point light source can be
made substantially the same as described. Note that the width
of defocus quantity yielding substantially the same half band-
widths 00, 61, and 62 1s controllable by defining a target value
of the X coordinate that yields an extreme value of transverse
aberration. For example, the above-mentioned width of defo-
cus quantity i1s controllable by determining the value of the
coellicient “b” 1n the transverse aberration characteristic
Ay=ax’—ab’x.

The light recerving section 120 has a plurality of light
receiving elements 701-704, 711-714,721-724, . . . . The light
receiving elements 1 the light receiving section 120 are
arranged 1n a constant interval therebetween, as well as at a
pitch Px 1n the x direction and a pitch Py 1n the y direction. In
this case, the optical system 110 may be designed by desig-
nating the transverse aberration characteristic of the optical
system 110 so that the half bandwidths 60, 61, and 02 of the
response become larger than the pixel pitches Px and Py.
Specifically, when the transverse aberration characteristic
Ay=ax’-ab’x is given by the above-described design, the
target value of the coetlicient “a” 1s determined so that the half
bandwidths 60, 61, and 62 of the response become larger than
any of the pixel pitches Px and Py. In this way, in designing the
optical system 110, the target value of the coelficient “b™ 1s
determined 1n accordance with the allowable width of the
defocus quantity, and the target value of the coellicient “a™ 1

a” 1s
determined 1n accordance with the pixel pitch of the light
receiving elements of the light recerving section 120.

When the 1image capturing apparatus 100 captures a color
image, a light recerving element occasionally recerves light of
a wavelength corresponding to a different color. In such a
case, the pixel pitch may be a distance between the light
receiving elements receiving light of a wavelength corre-
sponding to the same color. For example, suppose a case
where the light receiving elements 701, 703, 712, 714, 721,
and 723 recerve light of a wavelength corresponding to green,
the light recerving elements 702, 704, 722, and 724 receive
light of a wavelength corresponding to blue, and the light
receiving elements 711 and 713 recerve light of a wavelength
corresponding to red. In this case, the pixel pitch may be a
distance between the center of the light recerving element 701
and the center of the light recerving element 721 1n the v
direction, and a distance between the center of the light
receiving element 701 and the center of the light recetving
clement 703 1n the x direction.

The light receiving section 120 may be provided between
an intersection between the optical axis and the light incident
parallel to the optical axis from the first incident position and
the paraxial image point of the optical system 110. Specifi-
cally, the lightrecerving section 120 may be provided near the
midpoint between the intersection and the paraxial image
point of the optical system 110.

The display 150 may display an image obtained according,
to the quantity of light recerved by the light recerving section
120. Specifically, the display 150 displays an image gener-
ated by the 1mage generating section 130. When the number
of pixels of the display 150 1s smaller than the number of light
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receiving elements of the optical system 110, the display 150
may display the image by thinning the pixels, without spa-
tially averaging the image generated by the image generating
section 130. The image capturing apparatus 100 may not
include a focus control apparatus for changing the focal
length of the optical system 110 so that the focal length of the
optical system 110 1s a fixed value. The 1image capturing
apparatus 100 may also not include an optical low pass filter
for spatially scattering the light from a subject.

FIG. 8 shows exemplary data stored 1n the process param-
cter storage 185 in a table format. The process parameter
storage 185 stores information regarding a frequency filter,
c.g. filters A and B, used for reproduction processing, in
association with a condition regarding the operational mode,
the distance, the image characteristic quantity, and the space
frequency characteristic. Specifically, the operational mode
may 1indicate whether the image capturing apparatus 100
should perform close-range 1mage capturing. For example,
the positional information obtaining section 190 obtains the
close-range mode as positional information when an nstruc-
tion for activating the barcode reader software is received
from a user, where the barcode reader software 1s for analyz-
ing the barcode and the close-range mode 1s an operational
mode for performing close-range 1mage capturing. On the
other hand when an 1nstruction for capturing an 1mage of a
landscape 1s received from a user, the positional information
obtaining section 190 obtains a long-range mode as positional
information, where the long-range mode 1s an operational
mode for performing long-range 1mage capturing.

Note that the operational mode 1s operated by the 1image
capturing apparatus 100 1n dealing with a captured image. For
example, the operational mode may be operated by the image
capturing apparatus 100 in processing, displaying, storing a
captured 1image, or outputting a captured image to outside. In
other words, the operational mode may indicate a software
operation of the image capturing apparatus 100. For example,
when an operational mode 1s set, the 1mage capturing appa-
ratus 100 does not have to adjust the optical characteristic of
the optical system 110 such as a focal length 1n accordance
with the operational mode. For example, when an instruction
for activating the barcode reader sotftware 1s recerved from a
user, the image capturing apparatus 100 processes a captured
image according to an instruction of a program included in the
barcode reader software.

When a user has mstructed to capture an 1image of a land-
scape via the image capturing menu or the like, the positional
information obtaining section 190 may obtain a long-range
mode as positional information, according to the mstruction.
Furthermore, the positional information obtaining section
190 may obtain a long-range mode as positional information,
based on the positional information corresponding to the
image capturing apparatus 100. For example, the image cap-
turing apparatus 100 obtains information about the latitude
and the longitude of the position 1n which the image capturing
apparatus 100 positions, from the GPS imnformation. Then the
positional information obtaining section 190 may obtain a
long-range mode as positional information, 1t the position
indicated by the information about the latitude and the longi-
tude corresponds to a predetermined region i which the
landscape such as a mountain or the sea 1s characteristic.

Note that the operational mode 1ncludes an 1mage captur-
ing mode automatically selected by a user, e.g. macro mode.
When it 1s determined that the image capturing apparatus 100
should perform flash 1mage capturing, the positional infor-
mation obtaining section 190 may obtain an 1image capturing,
mode other than the close-range mode as positional informa-
tion. In this way, the positional information obtaining section
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190 obtains the operational mode of the 1mage capturing
apparatus 100 such as the close-range mode, the long-range
mode, a normal 1mage capturing mode, a macro mode, as
positional information. Then the process parameter selecting
section 180 selects the filter A or the filter B stored in the
process parameter storage 185 1n association with these
operational modes. For example, when the operational mode
1s a close-range mode, the process parameter selecting section
180 selects the filter A.

The distance stored 1n the process parameter storage 185
may include a range of distance up to a subject. In this case,
the positional information obtaining section 190 obtains the
distance up to the subject from the distance measuring section
192. The process parameter selecting section 180 selects a
filter stored 1n the process parameter storage 185 in associa-
tion with a range including the distance obtained by the posi-
tional information obtaining section 190. For example, when
the distance up to the subject 1s 20 cm, the process parameter
selecting section 180 selects the filter A.

The 1mage characteristic quantity stored in the process
parameter storage 185 may include the characteristic quantity
of a color. The color characteristic quantity stored in the
process parameter storage 185 may be information regarding
a rat10 ol black and white. For example, the process parameter
storage 1835 may store a condition regarding the image char-
acteristic quantity such that “the ratio of black 1s 35% to
60%.” The image characteristic quantity may also be the
number ol color components. For example, the process
parameter storage 185 may further store a condition regarding
the image characteristic quantity such that “the ratio of color
created by a combination of two colors including black
exceeds 90%”.

For example, the barcode may often be printed 1n black on
the background in a solid color. The ratio of black 1s expected
to be about 50% on average. Also 1n the barcode region, the
total area of the two colors of black and white 1s expected to
occupy nearly 100% of the entire region. However, the bar-
code 1mage 1n the captured 1mage 1s expected to be blurred
due to the optical characteristic of the optical system 110. For
this reason, the barcode image in the captured image 1s
expected to include a color created by a combination of the
intensity of the two colors. Therefore, 90% or more of the area
of the barcode 1image 1s expected to be the color created by the
combination of black and white.

Therefore, the captured 1mage analysis section 194 calcu-
lates the ratio occupied by black and the ratio occupied by the
color created by the combination of the two colors 1n the
captured 1mage. Then the positional information obtaining
section 190 obtains the calculation result of the captured
image analysis section 194 as positional information. The
process parameter selecting section 180 selects a filter stored
in the process parameter storage 183 in association with the
conditions that the ratio occupied by black and the ratio
occupied by the color created by the combination of the two
colors satisty.

In this way, the process parameter storage 185 stores each
process parameter for correcting the effect of the optical
transier function exerted on the captured 1image, in associa-
tion with an operational mode of the 1image capturing appa-
ratus 100 1n dealing with a captured 1image to be corrected
using the process parameter. The positional information
obtaining section 190 obtains either the operational mode for
dealing with a subject image captured 1n a close-range mode
or the operational mode for dealing with a subject image
captured in a long-range mode, as positional information. The
process parameter selecting section 180 selects a process
parameter stored in the process parameter storage 183 in
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association with the operational mode obtained by the posi-
tional information obtaining section 190.

The process parameter storage 185 stores each process
parameter for correcting the effect of the optical transier
tfunction exerted on the captured 1mage, 1n association with an
image capturing mode of the image capturing section 100 1n
capturing a captured image to be corrected using the process
parameter. The positional information obtaining section 190
obtains an 1mage capturing mode for capturing a close range
subject, as positional mformation. The process parameter
selecting section 180 selects a process parameter stored in the
process parameter storage 185 1n association with the image
capturing mode obtained by the positional information
obtaining section 190.

As described above, the positional information obtaining
section 190 obtains an instruction about a positional relation
between a subject and the optical system 110, such as an
instruction about an operational mode or an mstruction about
an 1mage capturing mode, as positional information. Note
that an example of the mstruction may cause the 1mage cap-
turing apparatus 100 to perform a software operation, such as
an 1nstruction for activating the barcode reader software as
described above. In addition, the process parameter storage
183 stores each process parameter for correcting the effect of
the optical transter function exerted on the captured image, in
association with the condition related to an instruction
obtained 1n capturing an 1image, where the condition 1s to be
satisfied 1n performing correction using the process param-
cter. Examples of the instruction are the operational mode or
the 1mage capturing mode described above. The process
parameter selecting section 180 may select a process param-
cter that 1s stored in the process parameter storage 185 1n
association with a condition that the instruction obtained by
the positional information obtaining section 190 satisfies.

The space frequency characteristic stored 1n the process
parameter storage 185 may include a space frequency char-
acteristic of a captured 1image. For example, as a condition
related to a space frequency characteristic, the optical char-
acteristic storage 165 may store information (OTFID) 1den-
tifying an optical transfer function that matches, to the great-
est extent, the space frequency characteristic of the captured
image. Note that the operation of the process parameter
selecting section 180 1n selecting a filter based on a space
frequency characteristic 1s described with reference to FIG.
10 and the subsequent drawings.

FIG. 9 shows an example of a plurality of image regions in
a captured image. The captured image includes a first image
region 901 that contains an optical axis point being a point
corresponding to the optical axis 1n the captured image, a
plurality of second image regions 902a-d, a plurality of third
image regions 903a-/, and a plurality of fourth 1image regions
9044a-/. Note that in the following description, the second
image regions 902a-d, the third image regions 903a-%, and
the fourth 1mage regions 904a-~2 may respectively collec-
tively be referred to as a second image region 902, a third
image region 903, and a fourth 1mage region 904.

The second 1mage region 902 1s located around the first
image region 901. The third image region 903 1s located
around the second 1mage region 902, and the fourth image
region 904 1s located around the third image region 903. The
second 1mage region 902 1s adjacent to the first image region
901 and to the third image region 903. The third image region
903 1s adjacent to the second image region 902 and to the
fourth image region 904. Specifically, the first image region
901 has a center at the optical axis pointand aradius ofrl. The
second 1mage region 902 corresponds to a region having a
center at the optical axis point and a radius of r2 from which
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the first image region 901 1s subtracted. The third image
region 903 corresponds to a region having a center at the
optical axis point and a radius of r3 from which the first image
region 901 and the second 1image region 902 are subtracted.
The fourth 1image region 904 corresponds to the entire cap-
tured image from which the first image region 901, the second
image region 902, and the third 1image region 903 are sub-
tracted.

The process parameter storage 1835 stores the filters
explained with reference to FI1G. 8, 1n association with infor-
mation respectively identifying the first image region 901, the
plurality of second 1mage regions 902, the plurality of third
image regions 903, and the plurality of fourth image regions
904. In this way, the process parameter storage 185 stores the
filters for correcting the images in the respective 1mage
regions, 1n association with the information respectively
identifying the plurality of 1image regions divided as circles
having a center at the optical axis point, as well as divided 1n
a radial direction with the optical axis point as the origin.

As shown 1n the present drawing, the number of 1mage
regions in the captured image increases as the distance from
the optical axis point gets longer. For example, the number of
divided image regions increases along the distance, e.g. rep-
resented by rl, r2, and r3, from the optical axis point, 1n such
a manner that there are four second 1mage regions 902, eight
third 1mage regions 903, and twelve fourth 1image regions
904. The process parameter storage 185 may accordingly
store filters for correcting the 1images of the 1image regions, 1n
association with information respectively specilying the
image regions explained above 1n great detail.

The process parameter storage section 180 stores the filters
in association with the mformation respectively identifying
cach of the first image region 901, the plurality of second
image regions 902, the plurality of third image regions 903,
and the plurality of fourth image regions 904. For each of the
image regions 901, 902, 903, and 904, the process parameter
selecting section 180 selects a filter corresponding to the
distance up to the subject indicated by the positional 1nfor-
mation obtained by the positional information obtaining sec-
tion 190, from among the filters stored in the process param-
cter storage section 185. For example, the distance measuring
section 192 may measure the distance up to a subject captured
in each of the image regions 901, 902, 903, and 904. The
process parameter selecting section 180 may select, from
among the filters stored 1n the process parameter storage
section 185, a filter corresponding to the distance measured
by the distance measuring section 192 for each of the image
regions 901, 902, 903, and 904. The image processing section
140 corrects the 1image by using the filter selected by the
process parameter selecting section 180, for each of the image
regions 901, 902, 903, and 904.

The process parameter storage 183 stores a filter such as an
inverse filter for an optical transfer function of the optical
system 110 for light from the position of each of the plurality
ol tmage regions, 1n association with a condition related to the
three dimensional positional relation between the optical sys-
tem 110 and a subject captured 1n each of the plurality of
image regions. The positional information obtaining section
190 obtains positional information indicating the three
dimensional positional relation between the captured subject
and the optical system 110, for each of the plurality of image
regions. The process parameter selecting section 180 selects,
for each of the plurality of image regions, a process parameter
stored 1n the process parameter storage 1835 1n association
with a condition that the three dimensional positional relation
indicated by the positional information obtained by the posi-
tional imnformation obtaining section 190 satisfies.
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As described above, according to the image capturing
apparatus 100, each 1mage in each of the plurality of 1mage
regions 1s corrected, by for example using an nverse filter
corresponding to the optical transier function for the light
from the position of the subject captured in each of the image
regions. Therefore the 1mage of the subject captured in each
image region can be adequately reproduced.

FIG. 10 shows an exemplary block configuration of an
optical characteristic specifying section 160. The optical
characteristic specifying section 160 includes a frequency
component difference calculating section 172, a sum calcu-
lating section 174, and an optical transfer function selecting
section 176. FIG. 11 shows an exemplary reproduction pro-
cessing flow for reproducing the captured image performed
by the 1mage capturing apparatus 100. The present reproduc-
tion processing flow shows an exemplary processing flow for
performing reproduction processing to the captured image,
by estimating the optical transier function of the optical sys-
tem 110 from the image contents of the captured image. The
operation of each constituting element of the optical charac-
teristic specitying section 160 1s described 1n the order of the
reproduction processing flow of the present drawing.

The frequency component difference calculating section
172 obtains a captured image generated by the image gener-
ating section 130 (51000). The object region specitying sec-
tion 196 extracts a plurality of regions (hereinafter referred to
as “a plurality of object regions™) 1n which an object exists,
from the captured 1mage by means of edge extraction for
example (51002). Note that 1t 1s occasionally difficult to
extract the edges from the captured image due to the blurring
of the subject image by the optical system 100. In such a case,
the object region specilying section 196 may provisionally
perform reproduction processing to the captured image using,
a representative filter and extract the edges from the resulting
reproduced image to specily the object regions.

Next, a reproduced 1mage 1s generated for each object
region by performing processing from S1004 to S1014 to
cach object region specified by the object region specitying
section 196. The frequency characteristic calculating section
170 calculates the value of a space frequency component for
cach object region of the captured image (S1004). Specifi-
cally, the frequency characteristic calculating section 170
calculates the value of the space frequency component for
cach object region by performing Fourier transformation on
cach object region 1n the captured image.

The frequency component difference calculating section
172 calculates the difference between the value of the space
frequency component calculated by the frequency character-
istic calculating section 170 and the value of the space fre-
quency component indicated by the optical transfer function,
for each frequency (S1006). Then for each optical transfer
function, the sum calculating section 174 calculates the sum
of differences calculated by the frequency component differ-
ence calculating section 172 throughout the Irequencies
(S1008). The optical transter function selecting section 176
selects an optical transtfer function, the sum of which calcu-
lated by the sum calculating section 174 1s smaller, as the
optical transfer function of the optical system 110 (S1010).
Specifically, the optical transfer function selecting section
176 selects the OTFID being 1identification information 1iden-
tifying the optical transier function, the sum of which calcu-
lated by the sum calculating section 174 1s smaller.

The process parameter selecting section 180 selects, for
cach objectregion, a filter, 1.e. either the filter A or the filter B,
which 1s stored in the process parameter storage 185 1n asso-
ciation with the OTFID (51012). The image processing sec-
tion 140 obtains the reproduced 1mage of each object region
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by filtering the space frequency region in each object region
using the selected filter and performing 1inverse Fourier trans-
form (51014). The image processing section 140 combines
thus reproduced 1images of the object regions, thereby gener-
ating a single reproduced 1image.

Note that in S1012 and S1014, the reproduction processing
1s performed using a filter of a frequency region. However 1n
S1012 and S1014, 1t 1s also possible to perform reproduction
processing by convolution that 1s substantially equivalent to
the described filtering processing on the frequency region, to
obtain a reproduced image. Specifically, the process param-
cter storage 183 stores a convolution filter 1n association with
the OTFID identifying a plurality of optical transier func-
tions. The process parameter selecting section 180 selects a
convolution filter stored 1n the process parameter storage 185
in association with the OTFID selected by the process param-
cter selecting section 180 1n S1010. The 1mage processing
section 140 generates an 1image reproduced from the captured
image by the convolution processing using the convolution
filter selected by the process parameter selecting section 180.

In the above-described example, the optical transier func-
tion of the optical system 110 1s specified for each object
region specified by the object region specitying section 196,
then the image processing section 140 generates a reproduced
image for each object region according to thus specified opti-
cal transfer function. However, the optical characteristic
speciiying section 160 may specily the optical transier func-
tion for each predetermined region. The 1image processing
section 140 may perform reproduction processing on each
predetermined region according to the specified optical trans-
ter function. The optical characteristic speciiying section 160
may also specily the optical transier function for each prede-
termined region for the image region i which the object
region specilying section 196 was unable to specity the object
region, for the image processing section 140 to perform
reproduction processing.

As described above, the frequency characteristic calculat-
ing section 170 calculates the frequency distribution of the
space frequency component of the captured image. The opti-
cal characteristic specifying section 160 specifies, from
among the plurality of optical transter functions, the optical
transfer function having the frequency distribution of the
space frequency component that matches, to a greater extent,
the frequency distribution of the space frequency component
calculated by the frequency characteristic calculating section
170, as the optical transfer function of the optical system 110.

FIG. 12 shows one example of the frequency characteristic
ol the optical transier function and the space frequency char-
acteristic of the image. The frequency component distribu-
tions 1110aq and 11105 show the frequency characteristics of
two kinds of optical transter functions by the grayscale infor-
mation. The frequency component distributions 1120aq and
11205 show, by grayscale information, the images resulting,
from performing Fourier transform to the image transferred
according to the optical transfer function of the frequency
characteristic indicated by the frequency component distri-
bution 1110q and 111056. Although containing the frequency
component attributable to the image signal and the frequency
component attributable to the edge of the image, the fre-
quency component distribution 1120 and 112056 shows the
difference attributable to the difference 1n optical transfer
function. The optical characteristic speciiying section 160 1s
able to easily specily the optical transfer function of the
optical system 110 by extracting, {from the frequency region,
the difference caused on the captured image by different
optical transfer functions.
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FIG. 13 shows exemplary data stored 1n an optical charac-
teristic storage 165 1n a table format. The optical character-
istic storage 165 stores the distance, the OTFID, and the
frequency component data respectively showing the value of
the space frequency component indicated by each of the
plurality of optical transfer functions. The filter A corre-
sponds to an mverse filter of the OTF data (A), and the filter B
corresponds to an inverse filter of the OTF data (B). The
optical characteristic storage 165 stores a representative dis-
tance up to a subject, which corresponds to the optical transier
function indicated by the OTF data. The image recording
section 155 reads a distance stored 1n the optical characteris-
tic storage 165 1n association with the OTFID specified by the
optical characteristic specilying section 160. The image
recording section 155 outputs, to outside, the captured image
or the reproduced 1mage by assigning the distance to it.

As described so far, the optical characteristic storage 165
stores a plurality of optical transfer functions for respective
positional relations between the optical system 110 and the
subject. Specifically, the optical characteristic storage 165
stores a plurality of optical transfer functions for respective
distances from the optical system 110 to the subject. More
Specifically, the optical characteristic storage 1635 stores
respective space frequency characteristics, such as frequency
distribution of the space frequency component, of the plural-
ity of a plurality of optical transfer functions of the subjects,
the distances of which from the optical system 110 lie within
a predetermined distance range.

FIG. 14 schematically shows an exemplary positional rela-
tion among the optical system 110, a light receiving section
120, and a subject, which 1s caused when the 1image capturing
section 105 conducts tilt-shift photography. As shown in FIG.
14, the optical axis of the optical system 110 intersects with
the lightrecerving surface of the light receiving section 120 at
an angle smaller than the right angle. By causing the light
receiving surface of the light recerving section 120 and the
optical axis to intersect with each other in a tilted manner,
without orthogonalizing them, the enlargement factor for the
subject 1381 positioned farther from the optical system 110
will be larger than the enlargement factor for the subject 1383
nearer to the optical system 110, which will reduce the pos-
s1ibility of causing the 1image of a far subject to be too small.

In performing tilt-shiit photography, the 1image capturing
section 105 can widen the distance range 1n which the image
capturing section 105 can perform image capturing, and so
there 1s a possibility that the optical transfer function of the
optical system 110 cannot be regarded as substantially the
same throughout its distance range. Therefore, 1n one
embodiment, the process parameter storage 185 assigns dii-
terent filters respectively for different image regions.

In general, the distance up to the subject, e.g. 11, 10, and
12, changes for each 1image capturing direction of the image
capturing section 105. The distance up to the subject ditfers
for each space configuration of the image-capturing target
space. Therefore the process parameter storage 185 may
desirably store a process parameter for correcting the effect of
the optical transier function to each of the plurality of image
regions 1n a captured image, in association with the condi-
tions related to the direction of the optical axis of the optical
system 110 and the position of each of the plurality of image
regions 1n the captured image. The positional information
obtaining section 190 obtains the direction of the optical axis
of the optical system 110 and the position of each of the
plurality of image regions in the captured image, as positional
information. The process parameter selecting section 180
may select a process parameter stored 1n the process param-
cter storage 185 1n association with the condition that the
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direction of the optical axis and the position of each of the
plurality of 1image regions obtained by the positional infor-
mation obtaining section 190 satisty.

The distance up to the subject, e.g. 11 and 12, also changes
according to the angle 00 formed between the optical axis of
the optical system 110 and the light receiving surface of the
light receiving section 120. The process parameter storage
185 stores each process parameter for correcting the effect of
the optical transfer function exerted on each of the image
regions in the captured 1mage, 1n association with the condi-
tions that the angle formed between the optical axis of the
optical system 110 and the light recerving surface of the light
receiving section 120 and the position of each of the plurality
of image regions 1n the captured image satisty. The positional
information obtaining section 190 obtains the angle formed
between the optical axis of the optical system 110 and the
light recerving surface of the light receiving section 120 and
the position of each of the plurality of 1image regions in the
captured i1mage, as positional information. The process
parameter selecting section 180 may select a process param-
cter that 1s stored 1n the process parameter storage 185 1n
association with conditions that the angle and the position of
cach of the plurality of image regions obtained by the posi-
tional information obtaining section 190 satisty.

More generally, the distance up to the subject changes,
according to the three dimensional positional relation
between the optical system 110 and the light receiving section
120. Theretfore the process parameter storage 185 may store a
process parameter for correcting the effect of the optical
transier function on each of the image regions in the captured
image, 1n association with the conditions that the three dimen-
s1onal positional relation between the optical system 110 and
the light recerving section 120 and the position of each of the
plurality of image regions in the captured image satisiy. Note
that the positional relation may include the angles 01 and 02
formed between the lines linking the diagonal points on the
rectangular light receiving surface of the light recerving sec-
tion 120 and the principle point and the optical axis, besides
00 described above. The process parameter storage 185 stores
cach process parameter for correcting the effect of the optical
transier function exerted on each of 1mage regions 1n a cap-
tured 1mage, 1n association with a positional relation between
the optical system 110 and the light recerving section 120.
The positional information obtaining section 190 obtains the
positional relation between the optical system 110 and the
light receiving section 120 as well as the position of each of
the 1mage regions in the captured 1image, as positional infor-
mation. The process parameter selecting section 180 selects a
process parameter stored in the process parameter storage
185 1n association with conditions that the positional relation
and the position of each of the image regions obtained by the
positional information obtaiming section 190 satisty.

FIG. 15 shows filters assigned to a plurality of image
regions in a captured image 1400. As shown in FI1G. 15, afilter

C, a filter D, a filter E, and a filter F are assigned to the image
regions 1401, 1402, 1403, and 1404 respectively. Note that

the filter C, the filter D, the filter E, and the filter F may
respectively be an inverse filter of the optical transier function
for the subject positioned even further.

As described above, the process parameter storage 185
stores each process parameter for correcting the effect of the
optical transier function exerted on each of the image regions
in the captured 1mage, 1n association with the condition that
the position of each of the image regions 1n the captured
image satisfies. The positional information obtaining section
190 obtains the position of each of the image regions 1n the
captured i1mage, as positional information. The process
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parameter selecting section 180 selects a process parameter
stored 1n the process parameter storage 185 1n association
with the condition that the position of each of the image
regions obtained by the positional information obtaining sec-
tion 190 satisfies.

FI1G. 16 shows one example of a hardware configuration of
an 1image capturing apparatus 100 configured by an electronic
information processing apparatus such as a personal com-
puter. The image capturing apparatus 100 1s provided with a
CPU peripheral section, an input/output section, and a legacy
input/output section. The CPU peripheral section includes a
CPU 1505, a RAM 1520, a graphic controller 1575, and a
display apparatus 1580 connected to each other by a host
controller 1582. The input/output section includes a commu-
nication interface 1530, a hard disk drive 1540, and a CD-
ROM drive 1560, all of which are connected to the host
controller 1582 by an input/output controller 1584. The
legacy mput/output section includes a ROM 1510, a flexible
disk drive 1550, and a input/output chip 1570, all of which are
connected to the mput/output controller 1584.

The host controller 1582 1s connected to the RAM 1520

and 1s also connected to the CPU 1503 and the graphic con-
troller 1575 accessing the RAM 1520 at a high transfer rate.
The CPU 1503 operates to control each section based on
programs stored in the ROM 1510 and the RAM 1520. The
graphic controller 1575 obtains 1image data generated by the
CPU 1505 or the like on a frame butler provided 1nside the
RAM 1520 and displays the image data 1n the display appa-
ratus 1580. Alternatively, the graphic controller 1575 may
internally include the frame buifer storing the image data
generated by the CPU 13505 or the like.

The mput/output controller 1584 connects the hard disk
drive 1540 serving as a relatively high speed input/output
apparatus, the communication interface 13530, and the CD-
ROM drive 1560 to the host controller 15382. The hard disk
drive 1540 stores the programs and data used by the CPU
1505. The communication interface 1530 transmits and
receives programs or data by connecting to the network com-
munication apparatus 1598. The CD-ROM drive 1560 reads
the programs and data from a CD-ROM 13595 and provides
the read programs and data to the communication intertace
1530 and to the hard disk drive 1540 via the RAM 1520.

Furthermore, the input/output controller 1584 1s connected
to the ROM 1510, and 1s also connected to the flexible disk
drive 1550 and the mput/output chip 1570 serving as a rela-
tively low speed mput/output apparatus. The ROM 1510
stores a boot program performed when the image capturing
apparatus 100 starts up, a program relying on the hardware of
the image capturing apparatus 100, and the like. The flexible
disk drive 1550 reads programs or data from a flexible disk

1590 and supplies the read programs or data to the commu-
nication interface 1530 and the hard disk drive 1540 via the

RAM 1520. The mput/output chip 1570 1s connected to a
variety of iput/output apparatuses via the flexible disk drive
1550, and a parallel port, a senal port, a keyboard port, a
mouse port, or the like, for example.

A program executed by the CPU 1505 1s provided by a user
in a state where 1t 1s stored 1n a storage medium, such as the
flexible disk 1590, the CD-ROM 1595, or an IC card. The
program may be stored 1n the recording medium either 1n a
decompressed condition or a compressed condition. The pro-

gram 15 1nstalled via the recording medium to the hard disk
drive 1540, and 1s read by the RAM 1520 to be executed by

the CPU 1505. The program executed by the CPU 15035
causes the 1mage capturing apparatus 100 to function as: an
image capturing section 105, an 1mage processing section
140, a display 150, an 1image recording section 155, an optical
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characteristic specilying section 160, an optical characteristic
storage 163, a frequency characteristic calculating section
170, a frequency component difference calculating section
172, a sum calculating section 174, an optical transfer func-
tion selecting section 176, a process parameter selecting sec-
tion 180, a process parameter storage 183, a positional infor-
mation obtaining section 190, a distance measuring section
192, a captured 1image analysis section 194, and an object
region specifying section 196, explained 1n relation to FIGS.
1-15.

The programs shown above may be stored in an external
storage medium. In addition to the tlexible disk 1590 and the
CD-ROM 1395, an optical recording medium such as a DVD
or PD, a magnetooptical medium such as an MD, a tape
medium, a semiconductor memory such as an IC card, or the
like can be used as the recording medium. Furthermore, a
storage apparatus such as a hard disk or a RAM disposed 1n a
server system connected to a dedicated communication net-
work or the Internet may be used as the storage medium and
the programs may be provided to the image capturing appa-
ratus 100 via the network.

Note that the 1mage capturing apparatus 100 1s taken as an
example for explaining one embodiment of the innovations
herein. However another embodiment may be an image pro-
cessing apparatus for specitying the optical transfer function
of the optical system 110. The image processing apparatus
specifies the optical transter function included in the 1mage
capturing apparatus 100 based on the image captured by the
image capturing apparatus 100. The image processing appa-
ratus specifically includes, from among the constituting ele-
ments of the 1image capturing apparatus 100, the image pro-
cessing section 140, the display 150, the image recording
section 155, the optical characteristic specilying section 160,
the optical characteristic storage 165, the frequency charac-
teristic calculating section 170, the frequency component
difference calculating section 172, the sum calculating sec-
tion 174, the optical transier function selecting section 176,
the process parameter selecting section 180, the process
parameter storage 185, the positional mformation obtaining
section 190, the captured image analysis section 194, and the
object region specilying section 196. Note that the image
processing apparatus may be provided independent from the
image capturing apparatus 100, or installed within the image
capturing apparatus 100 as described above as the embodi-
ment.

Although some aspects of the present invention have been
described by way of exemplary embodiments, it should be
understood that those skilled 1n the art might make many
changes and substitutions without departing from the spirit
and the scope of the present invention which 1s defined only
by the appended claims.

What 1s claimed 1s:

1. An 1image capturing apparatus for capturing an image of
a subject, comprising:

an optical system that causes a light receiving section of the
image capturing apparatus to receive, in substantially
the same spread, light from respective positions lying
within a predetermined range of positional relation with
respect to the image capturing apparatus, and has differ-
ent optical transfer functions for light from different
positions lying within the predetermined range of posi-
tional relation with respect to the image capturing appa-
ratus;

a process parameter storage that stores each process
parameter for correcting the effect of an optical transier
function exerted on the captured image, 1n association
with a condition related to a positional relation between
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a subject and the optical system, where the condition 1s
to be satisfied in performing correction using the process
parameter;

a positional information obtaining section that obtains
positional mformation indicating a positional relation
between a subject and the optical system; and

a process parameter selecting section that selects a process
parameter that 1s stored in the process parameter storage
in association with a condition that the positional rela-
tion indicated by the positional information obtained by
the positional information obtaining section satisiies;
and wherein

the positional information obtaining section receives a sig-
nal representing an instruction from a user 1n relation to
a positional relation between a subject and the optical
system, and obtains the signal as the positional informa-
tion,

the process parameter storage stores each process param-
eter for correcting the effect of the optical transier func-
tion exerted on the captured 1mage, 1n association with a
condition related to an mstruction obtained 1n capturing
an 1mage, where the condition 1s to be satisfied 1n per-
forming correction using the process parameter, and

the process parameter selecting section selects a process
parameter that 1s stored in the process parameter storage
in association with a condition that the instruction
obtained by the positional information obtaining section
satisfies,

wherein

the optical system causes the light recetving section to
receive, 1n substantially the same spread, light from
respective positions lying within a predetermined range
of distance from the optical system, and has different
optical transier functions for light from different posi-
tions lying within the predetermined range of distance
from the optical system,

the process parameter storage stores each process param-
eter for correcting the etfect of the optical transier func-
tion exerted on the captured 1image, 1n association with a
condition related to the distance from the optical system,
where the condition 1s to be satisfied 1n performing cor-
rection using the process parameter,

the positional information obtaining section obtains dis-
tance information indicating a distance between a sub-
ject and the optical system, and

the process parameter selecting section selects a process
parameter that 1s stored in the process parameter storage
in association with a condition that the distance indi-
cated by the distance information obtained by the posi-
tional information obtaining section satisfies; and

turther comprising:

an 1mage processing section that corrects the etffect of the
optical transfer function exerted on the captured image,
by using the process parameter selected by the process
parameter selecting section, wherein

the optical system has different optical transier functions
for light from positions lying within a predetermined
range of distance from the optical system and having
different distances from the optical system 1n an optical
axis direction of the optical system and different posi-
tional relations with respect to the optical axis of the
optical system,

the process parameter storage stores each process param-
eter for correcting the etlect of the optical transier func-
tion exerted on each of image regions within the cap-
tured 1mage, 1n association with a condition related to a
distance of a subject captured 1n the image region 1n the

10

15

20

25

30

35

40

45

50

55

60

65

24

optical axis direction, and with a condition related to a
position of the image region in the captured image that
corresponds to the positional relation with respect to the
optical axis of the optical system,

the positional information obtaining section obtains, for
cach 1mage region, a distance between a captured sub-
ject and the optical system and the position of the image
region 1n the captured 1mage, as the positional informa-
tion,

the process parameter selecting section selects, for each
image region, a process parameter that 1s stored in the
process parameter storage 1n association with conditions
that the distance from the optical system and the position
of the 1mage region obtained by the positional informa-
tion obtaining section satisiy, and

the 1mage processing section corrects, for each i1mage
region, the effect of the optical transier function exerted
on the 1mage region, by using the process parameter
selected by the process parameter selecting section.

2. The 1mage capturing apparatus as set forth 1n claim 1,

wherein

the optical system has different optical transfer functions
for light from positions lying within the predetermined
range ol distance from the optical system and having
different distances in the optical axis direction and dii-
ferent distances from the optical axis,

the process parameter storage stores each process param-
eter for correcting the effect of the optical transier func-
tion exerted on each 1image region within the captured
image, 1 association with a condition related to a dis-
tance of a subject captured 1n the 1image region 1n the
optical axis direction, and with a condition related to a
distance of the image region from an optical axis point
that 1s a point belonging to the optical axis on the cap-
tured 1mage that corresponds to the distance of the sub-
ject captured 1n the 1image region from the optical axis,
where the conditions are to be satisfied 1n performing
correction using the process parameter,

the positional information obtaining section obtains, for
cach 1image region, a distance between a captured sub-
ject and the optical system and a distance from the opti-
cal axis point, as the positional mnformation, and

the process parameter selecting section selects, for each
1mage region, a process parameter that 1s stored in the
process parameter storage 1n association with conditions
that the distance from the optical system and the distance
from the optical axis point obtained by the positional
information obtaining section satisiy.

3. The image capturing apparatus as set forth 1n claim 2,

wherein

the optical system has different optical transfer functions
for light from different positions lying within the prede-
termined range of distance from the optical system and
having different distances from the optical system in the
optical axis direction, different distances from the opti-
cal axis, and different angles around the intersection
between the optical axis and a subject plane,

the process parameter storage stores each process param-
cter for correcting the effect of the optical transfer func-
tion exerted on each image region within the captured
image, 1 association with a condition related to the
distance of the subject captured in the 1image region 1n
the optical axis direction, with a condition related to a
distance of the image region from the optical axis point,
and with a condition related to an angle indicating a
position o the image region around the optical axis point
that corresponds to the angle around the intersection of
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the subject captured 1n the image region, where the con-
ditions are to be satisfied 1n performing correction using
the process parameter,

the positional information obtaining section obtains, for
cach 1mage region, the distance between the captured
subject and the optical system, the distance from the
optical axis point, and the angle around the optical axis
point, as the positional information, and

the process parameter selecting section selects, for each
image region, a process parameter that 1s stored 1n the
process parameter storage 1n association with conditions
that the distance from the optical system, the distance
from the optical axis point, and the angle around the
optical axis point obtained by the positional information
obtaining section satisiy.

4. The 1image capturing apparatus as set forth in claim 3,

wherein

the optical system causes the light recetving section to
receive, 1n substantially the same spread, light from
respective positions lying within a predetermined range
of distance from the optical system, by means of trans-
verse aberration.

5. The 1image capturing apparatus as set forth 1n claim 4,

turther comprising:

a distance measuring section that measures a distance up to
a subject captured 1n each of a plurality of image regions,
wherein

the positional information obtaining section obtains, for
cach 1mage region, the distance measured by the dis-
tance measuring section and a position of the image
region 1n the captured image, as the positional informa-
tion.

6. An 1mage capturing apparatus for capturing an image of

a subject, comprising;:

an optical system that causes a lightrecerving section of the
image capturing apparatus to recerve, in substantially
the same spread, light from respective positions lying
within a predetermined range of positional relation with
respect to the image capturing apparatus, and has difier-
ent optical transfer functions for light from different
positions lying within the predetermined range of posi-
tional relation with respect to the 1image capturing appa-
ratus;

a process parameter storage that stores each process
parameter for correcting the effect of an optical transier
function exerted on the captured image, 1n association
with a condition related to a positional relation between
a subject and the optical system, where the condition 1s
to be satisiied 1n performing correction using the process
parameter;

a positional information obtaining section that obtains
positional mformation indicating a positional relation
between a subject and the optical system; and

a process parameter selecting section that selects a process
parameter that 1s stored 1n the process parameter storage
in association with a condition that the positional rela-
tion 1indicated by the positional information obtained by
the positional information obtaining section satisfies;
and wherein

the positional information obtaining section receives a sig-
nal representing an instruction from a user in relation to
a positional relation between a subject and the optical
system, and obtains the signal as the positional informa-
tion,

the process parameter storage stores each process param-
eter for correcting the etfect of the optical transier func-
tion exerted on the captured 1image, 1n association with a
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condition related to an instruction obtained 1n capturing
an 1mage, where the condition 1s to be satisfied 1n per-
forming correction using the process parameter, and

the process parameter selecting section selects a process
parameter that 1s stored 1n the process parameter storage
in association with a condition that the instruction
obtained by the positional information obtaining section
satisfies,

wherein

the optical system causes the light receiving section to
receive, 1n substantially the same spread, light from
respective positions lying within a predetermined range
of distance from the optical system, and has different
optical transier functions for light from different posi-
tions lying within the predetermined range of distance
from the optical system,

the process parameter storage stores each process param-
cter for correcting the effect of the optical transfer func-
tion exerted on the captured 1mage, 1n association with a
condition related to the distance from the optical system,
where the condition 1s to be satisiied 1n performing cor-
rection using the process parameter,

the positional information obtaining section obtains dis-
tance information indicating a distance between a sub-
ject and the optical system, and

the process parameter selecting section selects a process
parameter that 1s stored 1n the process parameter storage
in association with a condition that the distance 1ndi-
cated by the distance information obtained by the posi-
tional information obtaining section satisfies; and

turther comprising;:

an 1mage processing section that corrects the effect of the
optical transier function exerted on the captured 1mage,
by using the process parameter selected by the process
parameter selecting section, wherein

the positional information obtaining section obtains an
operational mode for dealing with a captured image
resulting from capturing an 1image of a subject in a close-
range mode or an operational mode for dealing with a
captured 1image resulting from capturing an 1mage of a
subject 1n a long-range mode, as the positional informa-
tion,

the process parameter storage stores each process param-
cter for correcting the effect of the optical transfer func-
tion exerted on the captured 1mage, 1n association with a
condition related to an operational mode of the 1image
capturing apparatus in dealing with a captured image to
be corrected using the process parameter, and

the process parameter selecting section selects a process
parameter stored in the process parameter storage in
association with a condition that the operational mode
obtained by the positional information obtaining section
satisfies.

7. The image capturing apparatus as set forth 1n claim 6,

wherein

the positional information obtaining section obtains an
image capturing mode for capturing a subject in a close
range, as the positional information,

the process parameter storage stores each process params-
cter for correcting the etffect of the optical transter func-
tion exerted on the captured 1image, 1n association with
an 1mage capturing mode of the 1image capturing appa-
ratus in capturing an image to be corrected using the
process parameter, and

the process parameter selecting section selects a process
parameter stored in the process parameter storage in
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association with a condition that the 1mage capturing
mode obtained by the positional information obtaining
section satisfies.
8. The 1mage capturing apparatus as set forth in claim 6,
turther comprising;:
a distance measuring section that measures a distance up to
a subject, wherein
the positional mformation obtaining section obtains the
distance measured by the distance measuring section,
the process parameter storage stores each process param-
eter for correcting the etlect of the optical transier func-
tion exerted on the captured 1mage, 1n association with a
condition related to a distance up to the subject to be
satisfied 1n performing correction using the process
parameter, and
the process parameter selecting section selects a process
parameter that 1s stored in the process parameter storage
in association with a condition that the distance obtained
by the positional information obtaining section satisfies.
9. The 1mage capturing apparatus as set forth 1n claim 6,
wherein
the process parameter storage stores each process param-
cter for correcting the etfect of the optical transfer func-
tion exerted on each of a plurality of image regions 1n the
captured image, 1n association with conditions related to
a direction of an optical axis of the optical system and the
position of each 1image region 1n the captured image,
the positional information obtaining section obtains the
direction of the optical axis of the optical system and the
position of each image region in the captured 1mage, as
the positional information, and
the process parameter selecting section selects a process
parameter that 1s stored in the process parameter storage
in association with conditions that the direction of the
optical axis of the optical system and the position of the
cach 1image region obtained by the positional informa-
tion obtaining section satisiy.
10. The image capturing apparatus as set forth 1n claim 6,
wherein
the optical axis of the optical system intersects with a light
receiving surface of the light receiving section at an
angle smaller than the right angle,
the process parameter storage stores each process param-
eter for correcting the effect of the optical transter func-
tion exerted on each of a plurality of image regions 1n the
captured 1mage, 1n association with the conditions that
the angle formed between the optical axis of the optical
system and the lightrecerving surface of the lightrecerv-
ing section and the position of each of the plurality of
image regions in the captured image satisty,
the positional information obtaining section obtains the
angle formed between the optical axis of the optical
system and the lightrecerving surface of the lightrecerv-
ing section and the position of each of the plurality of
image regions in the captured image, as the positional
information, and
the process parameter selecting section selects a process
parameter that 1s stored 1n the process parameter storage
in association with conditions that the angle and the
position of each of the plurality of 1mage regions
obtained by the positional information obtaining section
satisly.
11. An1mage capturing apparatus for capturing an image of
a subject, comprising;:
an optical system that causes a lightrecerving section of the
image capturing apparatus to recerve, in substantially
the same spread, light from respective positions lying
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within a predetermined range of positional relation with
respect to the image capturing apparatus, and has differ-
ent optical transfer functions for light from different
positions lying within the predetermined range of posi-
tional relation with respect to the image capturing appa-
ratus;

a process parameter storage that stores each process
parameter for correcting the effect of an optical transier
function exerted on the captured image, 1n association
with a condition related to a positional relation between
a subject and the optical system, where the condition 1s
to be satisfied 1n performing correction using the process
parameter;

a positional information obtaining section that obtains
positional information indicating a positional relation
between a subject and the optical system; and

a process parameter selecting section that selects a process
parameter that 1s stored in the process parameter storage
in association with a condition that the positional rela-
tion indicated by the positional information obtained by
the positional information obtaining section satisiies;
and wherein

the positional information obtaining section receives a sig-
nal representing an instruction from a user 1n relation to
a positional relation between a subject and the optical
system, and obtains the signal as the positional informa-
tion,

the process parameter storage stores each process param-
eter for correcting the effect of the optical transier func-
tion exerted on the captured 1mage, 1n association with a
condition related to an mstruction obtained 1n capturing
an 1mage, where the condition 1s to be satisfied 1n per-
forming correction using the process parameter, and

the process parameter selecting section selects a process
parameter that 1s stored in the process parameter storage
in association with a condition that the instruction
obtained by the positional information obtaining section
satisfies,

wherein

the optical system causes the light receiving section to
receive, 1n substantially the same spread, light from
respective positions lying within a predetermined range
of distance from the optical system, and has different
optical transfer functions for light from different posi-
tions lying within the predetermined range of distance
from the optical system,

the process parameter storage stores each process param-
cter for correcting the etffect of the optical transter func-
tion exerted on the captured 1image, 1n association with a
condition related to the distance from the optical system,
where the condition 1s to be satisiied 1n performing cor-
rection using the process parameter,

the positional information obtaining section obtains dis-
tance information indicating a distance between a sub-
ject and the optical system, and

the process parameter selecting section selects a process
parameter that 1s stored 1n the process parameter storage
in association with a condition that the distance 1ndi-
cated by the distance information obtained by the posi-
tional information obtaining section satisfies; and

turther comprising;:

an 1mage processing section that corrects the effect of the
optical transier function exerted on the captured 1mage,
by using the process parameter selected by the process
parameter selecting section, further comprising;

a captured 1mage analysis section that analyzes the image
contents of the captured image, wherein
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the positional information obtaining section obtains an
analysis result of the captured 1image analysis section,

the process parameter storage stores each process param-
eter for correcting the effect of the optical transter func-
tion exerted on the captured 1mage, 1n association witha 5
condition related to the image contents of the captured
image to be satisfied 1n performing correction using the
process parameter, and

the process parameter selecting section selects a process
parameter that 1s stored in the process parameter storage 10
in association with a condition that the analysis result
obtained by the positional information obtaining section

30

cach 1mage region obtained by the positional informa-
tion obtaining section satisfies.

13. A method for capturing an image using an optical
system that causes a light recerving section of an 1mage cap-
turing apparatus to recerve, i substantially the same spread,
light from respective positions lying within a predetermined
range of positional relation with respect to the image captur-
ing apparatus, and has different optical transter functions for
light from different positions lying within the predetermined
range of positional relation with respect to the image captur-
ing apparatus, the image capturing apparatus capturing an
image of a subject, the image capturing method comprising:

satisfies.
12. An1mage capturing apparatus for capturing an image of

parameter that 1s stored in the process parameter storage
in association with a condition that the position of the

storing each process parameter for correcting the effect of
an optical transfer function exerted on the captured

a subject, comprising: 15 1mage, 1n association with a condition related to a posi-
an optical system that causes a light receiving section of the tional relation between a subject and the optical system,
image capturing apparatus to recerve, i substantially where the condition 1s to be satisiied 1n performing cor-
the same spread, light from respective positions lying rection using the process parameter;
within a predetermined range of positional relation with obtaining positional mformation indicating a positional
respect to the image capturing apparatus, and has differ- 20 relation between a subject and the optical system; and
ent optical transfer functions for light from different selecting a process parameter that 1s stored 1n the process
positions lying within the predetermined range of posi- parameter storing 1n association with a condition that the
tional relation with respect to the image capturing appa- positional relation indicated by the positional informa-
ratus; tion obtained in the positional information obtaining
a process parameter storage that stores each process 25 satisfies; and wherein
parameter for correcting the effect of an optical transfer the positional information obtaining comprises receiving a
function exerted on the captured image, 1n association signal representing an 1struction from a user in relation
with a condition related to a positional relation between to a positional relation between a subject and the optical
a subject and the optical system, where the condition 1s system, and obtaining the signal as the positional infor-
to be satisfied 1n performing correction using the process 30 mation,
parameter; the process parameter storing stores each process param-
a positional information obtaining section that obtains cter for correcting the effect of the optical transfer func-
positional mformation indicating a positional relation tion exerted on the captured 1mage, 1n association with a
between a subject and the optical system; and condition related to an mstruction obtained in capturing
a process parameter selecting section that selects a process 35 an 1mage, where the condition 1s to be satisfied 1n per-
parameter that 1s stored in the process parameter storage forming correction using the process parameter, and
in association with a condition that the positional rela- the process parameter selecting selects a process parameter
tion indicated by the positional information obtained by that 1s stored in the process parameter storage 1n asso-
the positional information obtaining section satisfies; ciation with a condition that the instruction obtained by
and wherein 40 the positional information obtaining section satisfies,
the positional information obtaining section receives a sig- wherein
nal representing an instruction from a user 1n relation to the optical system causes the light receiving section to
a positional relation between a subject and the optical receive, 1n substantially the same spread, light from
system, and obtains the signal as the positional informa- respective positions lying within a predetermined range
tion, 45 of distance from the optical system, and has different
the process parameter storage stores each process param- optical transier functions for light from different posi-
cter for correcting the etlect of the optical transier func- tions lying within the predetermined range of distance
tion exerted on the captured 1image, 1n association with a from the optical system,
condition related to an mstruction obtained 1n capturing the process parameter storing stores each process param-
an 1mage, where the condition 1s to be satisfied 1 per- 50 eter for correcting the etlfect of the optical transfer func-
forming correction using the process parameter, and tion exerted on the captured 1image, 1n association with a
the process parameter selecting section selects a process condition related to the distance from the optical system,
parameter that 1s stored in the process parameter storage where the condition 1s to be satisfied 1n performing cor-
in association with a condition that the instruction rection using the process parameter,
obtained by the positional information obtaining section 55  the positional information obtaining obtains distance infor-
satisfies, wherein mation indicating a distance between a subject and the
the process parameter storage stores each process param- optical system, and
eter for correcting the effect of the optical transter func- the process parameter selecting selects a process parameter
tion exerted on each of a plurality of image regions 1n the that 1s stored in the process parameter storage 1n asso-
captured 1image, 1n association with the position of each 60 ciation with a condition that the distance indicated by the
image region in the captured image, distance information obtained by the positional infor-
the positional mformation obtaining section obtains the mation obtaining; and
position of each image region in the captured 1mage, as turther comprising;:
the positional information, and an 1mage processing that corrects the effect of the optical
the process parameter selecting section selects a process 65 transfer function exerted on the captured image, by

using the process parameter selected by the process
parameter selecting, wherein
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the positional information obtaining obtains an operational
mode for dealing with a captured image resulting from
capturing an 1mage of a subject in a close-range mode or
an operational mode for dealing with a captured 1image
resulting from capturing an 1mage of a subject 1n a long-
range mode, as the positional information,

the process parameter storing stores each process param-
eter for correcting the effect of the optical transter func-
tion exerted on the captured 1image, 1n association with a
condition related to an operational mode of the image
capturing apparatus 1n dealing with a captured 1mage to
be corrected using the process parameter, and

the process parameter selecting selects a process parameter
stored 1n the process parameter storage 1n association

with a condition that the operational mode obtained by
the positional information obtaining section satisfies.
14. A non-transitory computer readable medium including

a program for an 1mage capturing apparatus for capturing an
image of a subject, the image capturing apparatus including

an optical system that causes a light receiving section of t.

1C

image capturing apparatus to receive, in substantially t

1C

same spread, light from respective positions lying within a
predetermined range of positional relation with respect to the
image capturing apparatus, and has different optical transfer

functions for light from different positions lying within t.
predetermined range of positional relation with respect to t.

1C
1C

image capturing apparatus, the computer readable mec
causing, by means of execution of the program, a computer
function as:

1a
1o

a process parameter storage that stores each process
parameter for correcting the effect of an optical transier
function exerted on the captured image, 1n association
with a condition related to a positional relation between
a subject and the optical system, where the condition 1s
to be satisfied in performing correction using the process
parameter;

a positional information obtaining section that obtains
positional mformation indicating a positional relation
between a subject and the optical system; and

a process parameter selecting section that selects a process
parameter that 1s stored in the process parameter storage
in association with a condition that the positional rela-
tion indicated by the positional information obtained by
the positional information obtaining section satisfies;
and wherein

the positional information obtaining section receives a sig-
nal representing an instruction from a user 1n relation to
a positional relation between a subject and the optical
system, and obtains the signal as the positional informa-
tion,

the process parameter storage stores each process param-
cter for correcting the eflfect of the optical transier func-
tion exerted on the captured 1image, 1n association with a
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condition related to an instruction obtained 1n capturing
an 1mage, where the condition 1s to be satisfied 1n per-
forming correction using the process parameter, and

the process parameter selecting section selects a process
parameter that 1s stored in the process parameter storage
in association with a condition that the instruction
obtained by the positional information obtaining section
satisfles, wherein

the optical system causes the light receiving section to
receive, 1n substantially the same spread, light from
respective positions lying within a predetermined range
of distance from the optical system, and has different
optical transfer functions for light from different posi-
tions lying within the predetermined range of distance
from the optical system,

the process parameter storage stores each process param-
cter for correcting the effect of the optical transfer func-
tion exerted on the captured 1mage, 1n association with a
condition related to the distance from the optical system,
where the condition 1s to be satisiied 1n performing cor-
rection using the process parameter,

the positional information obtaining section obtains dis-
tance information indicating a distance between a sub-
ject and the optical system, and

the process parameter selecting section selects a process
parameter that 1s stored 1n the process parameter storage
in association with a condition that the distance 1ndi-
cated by the distance information obtained by the posi-
tional information obtaining section satisfies; and

turther comprising;:

an 1mage processing section that corrects the effect of the
optical transfer function exerted on the captured 1mage,
by using the process parameter selected by the process
parameter selecting section, wherein

the positional information obtaining section obtains an
operational mode for dealing with a captured image
resulting from capturing an 1image of a subject in a close-
range mode or an operational mode for dealing with a
captured 1mage resulting from capturing an image of a
subject 1n a long-range mode, as the positional informa-
tion,

the process parameter storage stores each process param-
eter for correcting the effect of the optical transier func-
tion exerted on the captured 1mage, 1n association with a
condition related to an operational mode of the 1image
capturing apparatus 1n dealing with a captured image to
be corrected using the process parameter, and

the process parameter selecting section selects a process
parameter stored in the process parameter storage in
association with a condition that the operational mode
obtained by the positional information obtaining section
satisfies.
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